Thermal conversion of wastes is one of theperspectivesolution to 'municipal solid waste' problem. Thermal conversion process entails thermal decomposition of material with an increase in temperature. This experimental analysis investigated thermal decomposition of municipal solid waste using thethermogravimetric technique. The objective of the analysis was to analyze the changes in kinetic characteristics with changes in thecomposition of content in sample waste and temperature. Sample waste analyzed consisted of plant organic waste, paper, plastics, wood and inert substance. Proximate and elemental analyses were determined and calorific values determined experimentally using bomb calorimeter. Thermogravimetric curves were derived using thermogravimetric analyzer (TGA) at different temperature rates. Activation energy and preexponential factor were derived using FlynnWallOzawa, KissingerAkahiraSunose and Kissinger model equations. Additional statistical analyses of variance using ANOVA was conducted for the different sets of composition analyzed. Results showed kinetic parameter values for different modelfree models used in analysis as well as the level of variance in activation energies for different composition of waste and temperature rates used.
Background
There are different solutions proposed by researchers seeking to reduce the adverse effects of accumulating municipal solid wastes (MSW) in countries with developing and emerging economies. One of the perspective solutions is thermal conversion processes which may such processes such as pyrolysis, wasteto-energy, aerobic/anaerobic conversion processes among others [1] - [4] . Previous research showed that recycling and conversion of MSW with high moisture content to refuse derived fuel is feasible and may require minimal treatment [1] , [5] , [6] .
Thermal decomposition process may provide sufficient information so as to understand the thermal conversion process. Thermogravimetric analysis is one of the perspective methods of studying the thermal decomposition process of any material including MSW. Some researchers have presented valuable data related to the thermogravimetric analysis of the MSW [7] - [9] . Research presented in the publications mentioned above focussed on thekinetic characteristics of the components or a combination of components in the MSW. It is, in our opinion, of utmost importance to study the sample material (i.e. MSW) with all the components combined.
Therefore, the objectives of this research are to study the thermal decomposition of MSW, derive the kinetic characteristics as well as study the effect of changes in the composition of MSW on the kineticcharacteristics of the thermaldecomposition process.
Materials and methods

Materials
Sample MSW consisted of plant wastes, shredded plastics and paper and wood chips. In this research, we used combustible materials and excluded all possible inert materials (glass, soil, metals etc.) We prepared two sets of samples as shown in Table 1 based on other references [5] , [10] , [11] . The particle size of sample MSW was <20 mm recommended by Athanaopolous [12] , and reference [13] providedmathematical formulation for determining theparticle size of our sample MSW. The sample MSW used in this research was prepared on as received basis. We conducted this experimental study based on the workflow presented in Figure 1 .
We prepared sample MSW and used approximately 200 g. We dried the sample MSW at a temperature of 80°C for 24 hours. We used ASTM E955 -88 standards to determine ash content on "dry material"basis [14] . 
In the formulasabove, , gN QQ represent gross and net calorific values respectively (MJ/kg) while variables , X A represent ash content and moisture content shown in Table 1 . We calculated the gross calorific values on " dry material" basis and the net calorific values on "as received" basis. We analysed the thermal decomposition process using TGA-50 supplied by Shimadzu Scientific (USA) equipped with the thermal analysis workstation (Shimadzu TA-60WS). We reduced the particle size of the sample MSW and prepared pellets using laboratory press machine and a roundshape tablet press(4 mm diameter). TGA analysis was conductedup to 900°C (1173 K) for four different temperature rates (5, 10, 20 and 50 K/min) under inert conditions sustained using argon gas (gas flowrate=10 ml/min).
Thermal decomposition theory and calculation
General formula used to describe reaction kinetics (i.e. thermal decomposition process) can be written as follows [16] :
From the equation above, function   kT represents the rate constant which conforms with the Arrhenius law. We may express the rate constant as follows: where variable E represent the activationenergy(kJ/mol), R -universal gas constant (j/mol K), A -preexponential factor (/min)andT -temperature (K). We might justify (3) by assuming that the sample MSW would undergo complex decomposition process generating volatile substances and char [16] . Therefore, we may determine the degree of conversion   (6) Formula (6) corresponds to isothermal conditions. Thermogravimetric analysis is conducted under nonisothermal conditions whereby the actual temperature is expressed as a function of heating rates. Therefore, we will rewrite (6) to satisfy the non-isothermal conditions as follows [16] :
From the formula above,  represents the rate of heating (K/min) that we will use in thermogravimetric analysis.
In this study, we will use several non-isothermal model equations, namely: Kissinger, KissingerAkahira -Sunose and Flynn -Wall -Ozawa. The Kissinger model equation can be described as follows [18] 
We can calculate the activation energy using model equation (9)  . The final model that we will use in our study (Flynn -WallOzawa) can be expressed as follows: Table 2 shows the gross and net calorific values of the mixed MSW. Experimental and empirical results showed that the mixed MSW with low plant wastes content (MSW set 2) had higher calorific value than that with high plant wastes content (i.e. MSW set 1). We obtained these calorific values without including the soil content. Soil, just like many inert compounds, are bound to have an adverse effect the calorific values of MSW since a significant amount of heat may be used in the oxidation /formation of other compounds from the inert substances. Our preliminary analysis coupled with previous research supported our conclusion [19] .The net calorific values calculated using the empirical formulas chose did not differ significantly. 
Results and discussion
Gross and net calorific value
Thermal decomposition
Thermal decomposition process was analyzedfrom the temperature of 300 K to1073 K. Decomposition reaction showed similar decomposition characteristics for all the temperature rates.Thesedecomposition characteristics were in three stages, namely: dehydration; fast decomposition of high molecular substances such as cellulose, lignin, etc. and subsequent and slow degradation of lower molecular compounds with the formation of char. Dehydration phase ended at a temperaturerange of500 -568 K for MSW set 1 and 495 -560 K for MSW set 2.The second phase characterising the fast degradation process of high molecular compounds ended at a temperature range of 788 -872 K for MSW set 1. The final stage began from thetemperatures mentioned above till 1173 K. Solid residue for MSW was between 6 -10% for MSW set 1 and 11 -12 for MSW set 2 which corresponds to the values obtained from the proximate analysis. Preliminary analysis indicated that the presence of impurities such as inert substances might lead to the formation of anomalous/irregular decomposition behaviour of the MSW. We conducted preliminary thermal decomposition analysis of MSW with inert substances (soil) with the objective of investigating the feasibility of correlating the differences between activation energy values and the organic plant wastes composition. Even thoughwe might correlate such differences with the composition of organic plant wastes in this experimental study, the irregularcharacteristics of the thermal decomposition of MSW+inert substances from our preliminary analysis with MSW did not support our theory. Table 3 . Linear regression equations derived using Kissinger -Akahira -Sunose model equation Table 4 . Linear regression equations derived using Flynn -Wall -Ozawa model equation
We conductedone-way ANOVA test analysis so as to determine the level of similarity/variance between MSW set 1 and 2. ANOVA test for all the cases and model equations showed significant differences between MSW set2 and MSW set 1
Conclusion
We investigated the thermal decomposition of MSW, and the following conclusions would be made: 1. Calorific values of MSW set 2 were higher than that of MSW set 1. We could attribute these differences to the composition of MSW. 2. Net calorific values calculated empirically exhibited some similarity 3. The thermal decomposition process for MSW showed similar decomposition characteristics 4. Activation energy values derived using Kissinger model ranged from 135 kJ/mol for MSW set 1 and 122kJ/mol for MSW set 2. 5. Activation energy using Kissinger -Akahira -Sunose model equation ranged from76 -90 kJ/mol for MSW set 1 and 78 -105 kJ/mol for MSW set 2. MSW set 2 had an average activation energy value greater than that of MSW set 1 6. Activation energy using Flynn -Wall -Ozawa model equation ranged from 75 -96 kJ/mol for MSW set 1 and 83 -109 kJ/mol. MSW set 2 had an average activation energy value greater than that of MSW set 1 7. Measurement of variance showed a significant difference in activation energy values. 
